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COMPLETE SPEOnCATION. 



Impioved Phosphorylated Cellulose and Method o£ Oblaming it 



We, Umixbd Kingdom Atomic Ebteroy 
AnTHOKmr , London, a Britisli Authority, do 
hereby dadare the invention, for whidi we 
pray that a patent may be granted to ns, and 

5 the method by which it is to be performed, 
to be particulEirly described in and by the 
following statement : — 

This invention is concerned with an im- 
proved phosphorylated cellulose. 

10 The present invention provides a phos- 
phorylated celhilose of improved properties, 
pi^colarly ia its improved suitability for 
use in the adsorption of thoriiun from acidic 
aqneous solutions containing phosphoric aoid 

15 such as those solutions obtained when 
monazite is treated with an aqneous add. 

According to the invention, cellulose is 
phosphorylated by treatment with phosphoric 
acid containing an excess of a basic nitrogen- 

20 contaimng compound, employing a curing 
lame such tiiat substantially all the phos- 
phorus in th& phosphoryiating agent em- 
ployed becomes chemicdOLy combMed with 
^ud cdlulose; the phosphorylated cellulose 

25 in salt form thus obtained ia converted, by 
tareafanent with a water soluble add, £rom 
salt form to hydrogen form ; the hy^drogen- 
form material is then washed with water to 
£ree it from the add employed to efiEect the 

30 conversion to the hydrogen form ; and the 
water-washed hydrogen-form product is then 
allowed to stand in contact with water. 

How the invention can be performed will 
be apparent from the following : — 

35 Preparation of Phosphorylated CeUvlose 
in Salt Form. 
In the known method of preparing phos- 
phorated cellulose in sc^t form (the subject 
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of Patent 838,973) odllulose impr^nated with 
phoaphorylathig agent (phosphorio add and 40 
an excess of a basic-nitrogen-containing 
compound, for example urea) is heated or 
" cured " to cause replacement of a propor- 
tion of Obd hydroxyl groups of the aaohydro- 
gluoose units of i^uiose (usually at least 45 
one-third of a hydroxyl group, and sometimes 
as much as 1.5 or even more hydroxyl groups, 
per anhydro-gluoose unit) by the group 
— O.PO(OH) (OX), or the group r-OJPO 
(OX)s> where X represents l£e salt-fonning 50 
group, for instance the Ammonium radical, 
which is formed by breakdown of urea 
phosphate. In the case of the former group, 
cross-lioking may occur giving a material of 

the typ® - — ^ 
ceUulose — OPO(OX) 



ceUulose — OJPO(OX) 

The rate of the replacement depends on a 
number of variables, for instance &e conoen- 
tration of the phosphorylating agent in the 
impregnated c^ulose subjected to heating, 60 
and in pactioular it varies directly with the 
heating temperature employed. However, 
with any given set of conditions, the progress 
of the replacement reaction can be followed 
by stopping the heating, washing the product €5 
thoroT^hly with water to remove xmreacted 
phosphorylating agent, and determining by 
known means the amount of recovered an 
hence unconsnmed phosphate in the washings. 
Hence, and from a knowledge of the amount 70 
of phosphorylating agent originally present 
in the impregnated cellulose subjected to 
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heofangt the exteat to which phosphoiylatiaa 
has progressed towards the TBaximiim possi- 
ble can be oalcalated. The TnaviTmiTn possible 
of course depends on the actual proportion 
o of phosphorus : cellulose in the impregnated 
material subjected to heating. 

The first stage in the method of this inven- 
tion consists in preparing phosphorylated 
cellulose in salt form by the known method, 

10 employing a time of curing such that sub- 
stantially aU the phosphorus (that is, at least 
97%) in tibe phoaphorylating agent employed 
becomes chemic^y oombined with the 
cellulose. As can bQ inferred from the 

15 descripfaon earlier, it is impos^ble to define 
the time of curing in absolute units, because 
the time required depends on many variables. 
However, as explained above, the progress of 
the phosphorylatitm reaction can be followed 

20 ui any given instance by a simple testing 
procedure, and hence the curing time re- 
quired in any given instance can be simply 
found. 

Preferably, the time of curing employed 
25 is at least 20% in excess of that required to 
cause substantially complete combination 
with cellulose of the phoaphorus in the 
phosphor^^ating agent employed. The re- 
sulting material, which can conveniently be 
30 referrSi to as " over-cured," when subject^ 
to t^e saoceeding stages of the method of the 
inventdon, gives a final phosphorylated pro- 
duct of enhanced usefulness, as will appear 
later. 

35 It is also preferred to carry out the curing 
procedure with the use of a stream of air, 
pre-heated to the curing temperature em- 
ployed, which is forced over the surface of the 
material to be cured. The employment of 

40 this pre-heated forced air stream very 
materiE^y reduces the time required for the 
attainment of cure. 

Conversion of Phosphorylated Cellulose 
from 8aU Form to Hydrogen Form, 

45 The phosphorated cellulose in salt form 
obtained as described above is mechanically 
broken down, as with a homogemser, to am 
appropriate fibre length, and is then treated 
witii a slight excess of a dilute aqueous acid, 

50 most conveniently hydrochloric, sulphuric or 
nitrio acid, to replace the salt groups by 
hydrogen atoms. This operation is con- 
veniently carried out by placing the phos- 
phorylated cellulose hi salt &im in a column 

55 and passing i3ie aqueous acid through it. 

If appreciable excess acid is allowed to 
remain unduly long in contact with the 
phosphorylated oellidose converted to hydro- 
g^ form, it causes some loss of bound 

60 phosphoryl groups by fission of their ester 
linkage with the hydroxji oxygen of the 
monosaccluuride units of the cellulose. Accord- 
ingly, the phosphorylated cellulose in hydro- 
gen form is wash^ witiEi waterr until ihe 



washings are substantially £fee generally) 65 
speaking, when their pK has risen above 3 
they can be regarded as substantiaUy firee) 
from t^e acid employed to efifect conversion 
to the hydrogen form. 

AUowing the Water-Washed Phosphorylated 70 
Cellulose in Hydrogen Form to Stand 
in Contact xvi^ Wtxter. 
When the water-waited hydrogen-form 
product is allowed to stwd in conteot with 
water there occurs a gradual improvement 75 
in the usefulness of the product as an adsor- 
bent for thorium £rom acidic aqueous solu- 
tions containing phosphoric acid ; this im- 
provement is in met detectable within two 
or three hours of standing with water. The 80 
rate of improvement can be accelerated by 
increasing the temperature of the water with 
which the phosphor^dated cellulose in hydro- 
gen form is allowed to stand in contact, but 
tiiere is normally nothing to be gsuned by the 85 
use of temperatures above about 30** C. 
because there is tlien a considerable tendency 
for fission of the cellulose-phosphate linkages 
to occur. 

The invention is illustrated by the follow- 90 
ing example : — 

Example. 

Strips of wood-pulp cellulose (each weigh- 
ing 10 grams) were totally immersed for one 
minute in an aqueous solutidn containing 95 
60% by weight of urea and 18% by weight 
(as H3PO4) of phosphorio add, lie strips 
were then removed, and the surplus solution 
was squeezed from them until the ratio 
weight of liquor adsorbed : weight of cellulose 100 
taken had ^en to 3.0. The strips were then 
placed on trays of stainless steel gauze in an 
oven electrically heated to 130"^ C, and air 
pre-heated to 130*^ C. was forced through the 
oven, over the strip surfaces, at a rate such 105 
that the oven atmosphere was changed 22 
tames per minute. After 2| hours of curing 
in this manner (representing about 45 %| over- 
cure), the strips of phosphorylated cellulose 
in moho-ammonium form, now rigid and 110 
tough, and substantially free from water- 
elutable phosphate, were removed from the 
oven, immersed in distilled water, and brokmi 
down into fibres in a homogeniser. The 
resultwt macerated pulp was filtered in a 115 
basket centrifrige, thoroughly washed witii 
large quantities of distilled water to remove 
water-soluble impurities derived from urea, 
and spm-dried to a moisture content of 52%. 
An oven-dried (110** C.) sample of the fibrous 120 
product was found to contain phosphorus 
equivalent to 33,0% PO4. 

The spin-dried material was made ioto an 
aqueous shnty, and taransferred to a glass 
" ion-exchange " column, and washed with 125 
an excess of 2N aqueous sulphuric acid to 
replace tiie ammonium groups by hydrogen 
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atoms. The material in the column -wna 
then washed ^vith an excess of distilled water 
until the pK of the effluent liquid had risen 
above 4. Washing was then stopjied and 
5 the materit^ was allowed to stand, immersed 
in the water in the column, for three days. 
The equivalent phosphate content of the 
product was 29.7% by weight based on the 
weight of the corresponding mono-ammonium 
10 form. The product can if desired be con- 
verted to the mono-ammonium form and 
oven-dried at 80* C. for storage. 

WHAT WE CLAIM IS :— 

L An improved phosphorylated cellulose 

.15 obtained by treatii^ cellulose with phos- 
l^ric acid containing an excess of a basic 
nitarogen-eontanung compound employing a 
curing time such that substantially aU the 
phosphorus in the phosphorylating agent 

20 employed becomes chemically combined with 
the oellulose ; convOTting the material thus 
obtained from the salt form ihus obtained to 
the hydrogen form by treatment with a 
water soluble acid ; washing the hydxogen- 

25 form matmal with water to &ee it from said 
add ; and allowing the water-washed hydro- 
gen-form product to stand in contact with 
water. 



2. An improved phosphorylated cellulose 
according to Qadm 1, obtained employing a 30 
curing time at least 20% in excess of that 
required to cause substantially complete 
combination with cellulose of the phosplu>ruB 

in the phc^horylating agent employed. 

3. An improved phosphorylated cellulose 35 
according to Claim 1 or 2, obtained by phos- 
phorylating cellulose wit^ an agent in which 
the basic-nitrogen-containing constituent is 
niea. 

4. A method of obtaining an improved 40 
phosphorylated cellulose as set fortii in 
Gl£uin 1, 2 or 3, in which the curing procedure 

is carried out with the use of a stream of air» 
pre-heated to tiie curing temperature em- 
ployed, which is forced over the sur&oe of 45 
the cellulosic material to be cured. 

5. An improved phosphorylated cellulose 
obtained substantiaUy as hereinbefore des- 
cribed. 

6. An improved phosphorylated cellulose 60 
obtained substantiaUy as hereinbefore des- 
cribed with reference to the example. 

S. a BARTLETT, 
Chartered Patent Agcait. 
Ag^t for the Applicants. 



PROVISIONAL SPECIFICATION. 

Improved Phosphorylated Cellitlose and Method of Ohtainmg it. 



We, Umtbd Kingdom Atomic Enbdeigy 
AuTHOBTPy, of London, a British Authority, 
•55 do hereby declare this invention to be des- 
cribed in the following statement : — 

This invention is concerned with a method 
of obtaining phosphorylated oellulose in a 
form having improved suitability for use in 

60 the adsorption of thorium cations from 
aqueous solution. 

In the course of earlier research, it has been 
shown that phosphtnylated cellulose has the 
property of adsorbing certain metallic cations 

65 £rom acidic aqueous solution of concentration 
one-tenth normal (N /lO) or more with respect 
to mineral add, and that the metallic ions 
thus adsorbed can be recovered by treating 
tibe phosphorylated cellulose with an aqueous 

70 eluwat. However, as subsequent investiga- 
tions have shown, phosphoiylated cellulose 
as ordinarily av^lable has relatively poor 
selectivity in the adsorption of "pore" 
thorixun cations from acidic aqueous solution& 

75 containing phosphoric add. For instance, 
when employed in the treatment of aqueous 
sulphuric add extracts of monazite, phos^ 
phorylated cellulose as ordhiarily av^lable 
adsorbs thorium in the form of a complecs 

80 thorium phosphate cation, perhaps 
[Th{H2P04)J+++ ; and when the material 



is subsequently treated with an eluting agent 
for the adsorbed thorium "there is simul- 
taneously eluted a high proportion of the 
adsorbed phosphate, whose presence in the 85 
resulting eluate considerably complicates 
subsequent recovery of the thorium. 

The present invention is concerned wilh a 
method of obtaining a phosphorylated cellu- 
lose of improved suitability for use in the 90 
adsorption of thorium cations £rom acidic 
aqueous solutions containing phosphoric add. 

In the method of the invention, cellulose 
is phosphorylated employing a curing time 
such that subst»itially aU the phosphorus in dS 
the phosphorylatang agent employed becomes 
oheimioally combined with the cellulose ; the 
phosphorylated cellulose thus obtained is 
converted, by treatment with add, from salt 
form to hydrogen form ; the hydiogen-fbrm 100 
material is then washed with water to £ree it 
from the add employed to effect the conver- 
sion to the hydrogen form ; andt he wateor- 
washed hydrogen-form product is then 
allowed to stand in contact with water. 105 

How the invention can be performed will 
be apparent &om the folbwing. 

PreparaHon of PTiosphoryhted Gdhdoae 

in SaU Form. 
In the known method of preparing phos- 110 
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phorylated celhdose in salt form, cellnlose 
impiegoated wiih phosphoiylatLog agent 
(phosphorio acid and an excess of a basic- 
nitrogen-containing compound, for example 
5 urea) is heated or " cured " to cause replace- 
ment of a proportion of the hydroxy! groups 
of tiie monosaccharide luiits of cellulose 
(usually at least one-third of a hydroxyl 
group, and sometimes as much as 1.5 or even 

10 more hydroxyl groups, per monosaccharide 
unit) by the group — O.PO(OH){OX), where 
X represents the salt-forming group, for 
instance the ammonium radical, wmoh is 
formed by breakdown of urea phosphate. 

15 The rate of this replacement depends on a 
number of variables, for instance the con- 
centration of the phosphorylatang agent in 
the impr^nated cellulose subjected to heat- 
ing, and in particular it varies directly with 

20 l^e heating temperature employed. However, 
with any given set of conditions, the progress 
of the replacement reaction can be followed 
by stopping the healing, washing the product 
thoroughly with water to remove unreacted 

25 phosphorylating agent, and determining by 
laiown means the amount of recovered and 
hmce unoonsumed phosphate in ihe washings. 
Heuce, and &om a knowledge of the amount 
of phosphozylaldng agent origbially present 

30 in the impr^nated cellulose subjected to 
heating, the extent to which phosphorylation 
has progressed towards the mATriTTi TiTn possi- 
ble can be calculated. The maximum 
possible of course depends on the actual 

35 proportion of phosphorus : cellulose in the 
impregoated material subjected to heatmg. 

The first stage in the method of this inven- 
tion consists in preparing phosphorylated 
cellulose ia salt form by Uie known method, 

40 employiog a time of curing such that sub- 
stautiaQy all the phosphorus (that is, at least 
97%) in the phosphorylating agent employed 
becomes chemically combined with the cellu- 
lose. As can be inferred from the descrip- 

45 tion earlier, it is impossible to define the 
time of curing in absolute units, because the 
time required depends on many variables* 
However, as explained above, the progress 
of the phosphorylation reaction caa be 

50 followed in any given instance by a simple 
testing procedure, and hence the curing time 
required in any given instance can be simply 
found. 

Preferably, the time of curing employed 
55 is at least 20% in excess of that requnied to 
cause substantially complete combination 
with cellulose of the phosphorus in the phos- 
phorylating agent employed. The resulting 
~ material, which can conveniently be referred 
60 to as " over-cured," when subjected to the 
succeeding stages of the method of tiie inven- 
tion, gives a final phosphorylated product of 
enhMiced usefulness, as will appear later. 
It is also preferred to carry out the curing 
65 procedure with the use of a siseam of air, 



pre-hoated to the curing temperature em- 
ployed, which is forced over the surface of 
the material to be cured. The employment 
of this pre-heated forced air str^m very 
materially reduces the time required for the 70 
attainment of cure. 

Conversion of Pkospliorylated Cellulose 
from SaU Form to Hydrogen Form, 

The phosphorylated ceUulose ia salt form 
obtained as described above is mechanically 75 
broken down, as with a homogeniser, to an 
appropriate fibre length, and is then treated 
with a slight excess of a dilute aqueous acid, 
most convenientiy hydrochloric, sulphuric or 
nilric acid, to replace the salt groups by 80 
hydrogen atoms. This operation is con- 
venientiy carried out by placing the phos- 
phorylated cellulose in salt form in a oolumn 
and passing the aqueous acid through it. 

If appreciable excess acid is allowed to 85* 
remain unduly long in contact with the phos- 
phorylated cellulose converted to hydrogen 
form, it causes some loss of bound phosphoryl 
groups by fission of their ester linkage with 
the hydroxyl oxygen of the monosacchmde 90* 
unil3 of the oollulose. Accordingly, the 
phosphorylated cellulose in hydrogen form is 
washed with water until the washings are 
substantially fi»e (generally speaking, when 
their pR has risen above 3 they can be. 95 
regarded as substantially free) fix>m the acid 
employed to efiect conversion to the hydrogen 
form. 

Allowing the WaUr-Wtished Phosphorylated 
Cellulose m Hydrogen Form to Stand 100 
in CoTitact toith Water. 
When the water-washed hydrogen-form 
product is allowed to stand in contact with 
water there occurs a gradual improvement in 
the usefulness of the product as an adsorbent 105 
for thorium &om addic aqueous solutions 
contamiog phosphorio acid ; this improve- 
ment is in fact detectable within two or tiiree 
hours of standing with water. The rate of 
improvement can be accelerated by increasing 1 10 
the temperature of the water with which the 
phosphorylated cellulose in hydrogen fi}rm 
JB allowed to stand in contact, but tiiere is 
normally notiiing to be gained by tiie usci of 
temperatures al^ye about 30° C. because 115 
tiifitre is then a considerable tendency for 
fission of the cellulose-phosphate lii^iages to 
occur. 

The invention is illustrated by the follow- 
ing example. 120 

Example. 

Strips of wood-pulp cellulose (each weigh- 
ing 10 grams) were totally immersed for one 
noinute in an aqueous solution containing 
50% by weight of urea and 18% by weight 125 
(as HJPO4) of phosphorio add. Tho strips 
were titen removed, and tiie surplus solution 
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was squeezed from them until the ratio 
weight of liqu(»r adsorbed : weight of oqUu- 
lose takea had faUaa to 3.0. The strips were 
tiien placed on tsays of stainless steel gauze 
5 in an oven eleoiaically heated to 130° C, and 
air pre-li^ted to ISO"" C. was forced through 
the oven, over the strip snr&ces, at a rate 
such that the oven atmosphere was ohaxiged 
22 times per minute. After 2| hours of 

10 curing in this manner (represenldng about 
45% over-cure), the strii» of phosphorated 
cellulose in mono-ammonium form, now rigid 
and tough, and substantially free from water- 
elutable j^osphate, were removed from the 

15 oven, immersed in distUled water, and broken 
down into fibres in a homogeniser. The 
resultant macerated pulp was filtered in a 
basket cenlarifiige, thoroughly washed with 
large quantitieB of distilled water to remove 

.20 water-sohible impurities derived from urea, 
and spin-dried to a moisture content of 52%. 
An oven-dried (110° C.) sample of the fibrous 



product was found to contain phoaphoros 
equivalent to 33.0% PO4. 

The spin-dried material was made into an 25 
aqueous aluiiy, and tranaferred to a glass 
" ion-exchange column, and washed with 
an excess of 2N aqueous sulphuric add to 
replace the ftTTimnninTn groups by hydrogen 
atoms. The material in the oohunn was then 30 
washed with an excess of distiUed water until 
the of the effluent liquid had risen above 
4. Washing was then stopped and the 
material was allowed to stand, immersed in 
the water in the column, for three days. The 85 
equivalent phosphate content of iibo produot 
was 29.7% by weight based on the weight of 
the corresponding mono -anmionium form. 
The produot can if desired be converted to 
the mono-ammonxom form and oven-dried 40 
at 9(y C. for storage. 

S. C. BABTLETT, 
Chartered Patent Agent. 
Agent for Applicants. 
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